To examine the effect of changes in temperature on the cerebral circulation during the rewarming period of cardiopulmonary bypass (CPB), we measured blood flow velocity in the middle cerebral artery by transcranial Doppler ultrasound (TCD) and the arteriovenous oxygen content difference (a-vDO2) by intermittent sampling from the jugular venous bulb during cardiac surgery in 11 patients (mean age•}SD: 55.4•}10.0 years). The mean blood flow velocity was 43.5•}16.9cm/s in the pre-rewarming period and 50.9•}19.5cm/s during rewarming, thereby indicating a significant increase during rewarming (P<0.05). In addition, a-vDO2 was 1.74•}1.00 vol.% in the pre-rewarming period and 3.09•}1.24 vol.% during rewarming, showing a significant increase during rewarming (P<0.01). This widening of a-vDO2 suggests that oxygen demand was excessive relative to oxygen supply despite the increase in cerebral blood flow. We concluded that rewarming alters the cerebral circulation rapidly and may increase the risk of unbalanced cerebral oxygenation. Rapid evaluation of the cerebral circulation may be necessary during specific periods of CPB such as rewarming.
Introduction
Neurological complication remains one of the most serious adverse events following open heart surgery. Although the cerebral circulation during cardiopulmonary bypass (CPB) has been studied extensively in the past decade, the relationship of alterations in cerebral blood flow (CBF) and the cerebral metabolic rate for oxygen (CMRO2) during CPB to the occurrence of neurological injury is still incompletely understood. During specific periods of CPB such as rewarming, CBF and CMRO2 change rapidly, making continuous and rapid evaluation of the cerebral circulation necessary.
Transcranial Doppler ultrasound (TCD) is a noninvasive method for continuous and rapid evaluation of cerebral circulation. In this study, we measured the blood flow velocity in the middle cerebral artery (MCA) by TCD and determined the arteriovenous oxygen content difference (a-vDO2) by intermittent sampling from the jugular venous bulb to evaluate cerebral circulation during nonpulsatile mild hypothermic CPB.
Materials and Methods
After obtaining informed consent, 11 patients undergoing elective cardiac surgery were investigated. There were 9 men and 2 women ranging in age from 30 to 64 years (mean•}SD: The following five periods examined: •õ P<0.01 versus pre-CPB, *P<0.01 versus pre-rewarming. Fig. 3 Mean blood flow velocity in the middle cerebral artery during cardiopulmonary bypass (CPB). The velocity increased significantly with increasing temperature during rewarming (P<0.05). *P<0 .05 versus pre-rewarming.
Discussion
In this study, TCD was utilized to assess cerebral blood flow during mild hypothermic CPB. TCD does not measure cerebral blood flow quantitatively, but the dynamics of blood flow are reliably reflected by changes in flow velocity assuming that the cross-sectional area of the MCA is unchanged. This is a reasonable assumption, since the MCA diameter does not thermodilution method) during nonpulsatile hypothermic CPB, and found a reasonably good correlation (r=0.77) between the two measurements. Thus TCD appears to be able to estimate cerebral perfusion during mild hypothermic CPB. We found that there was significant decrease of a-vD02 during hypothermic CPB as compared with pre-CPB and that MV tended to decrease. Murkin et al.8) measured CBF by the xenon clearance method during mild hypothermic CPB with alpha-stat blood gas management, and found a significant decrease of CBF and CMRO2 compared with pre-CPB. The temperature is an important determinant of cerebral circulation during CPB. Hypothermia reduced CBF linearly and CMRO2 exponentially10), so the CBF/CMRO2 ratio increases with decreasing temperature. This results in luxury perfusion of the brain9) 10). The decrease of a-vD02 in this study suggested that cerebral blood flow was relatively excess of the metabolic demand during CPB.
During the rewarming period, CMRO2 increases with increasing temperature. The flow/metabolic coupling of CBF is preserved during mild hypothermic CPB with alphastat blood gas management8), and CBF increase with increasing CMRO2 during rewarming. In this study, the mean blood flow velocity was increased significantly with increasing temperature during rewarming and a-vD02 also increased significantly during rewarming. The value of a-vD02 reflects the balance between cerebral oxygen supply and demand, so this widening of a-vD02 might suggest that oxygen demand was relatively in excess of supply despite the increase in CBF and that oxygen extraction was consequently increased. Nakajima et al.11) monitored jugular venous oxyhemoglobin saturation (SjO2) using an oximetry catheter and observed a significant reduction during the rewarming period. As a result, they suggested that oxygen demand was increased more than oxygen supply during rewarming. Croughwell et al.12) have also reported the jugular venous desaturation (SjO2<50%) as detected by intermittent jugular bulb sampling during rewarm-
ing. An inbalance of cerebral oxygenation during rewarming from CPB may increase the risk of brain injury. Although jugular venous desaturation (SjO2<50%) was recently identified in 25% of patients during normothermia following hypothermic CPB, it was not associated with impaired postoperative performance of neuropsychologic tests12)13) However, in patients with altered autoregulation (chronic hypertension, insulin-dependent diabetes, etc.) or severe cerebrovascular disease the mechanisms compensating for decreased cerebral oxygen delivery may be impaired and the risk of brain damage might increase. Therefore, rapid evaluation of the cerebral circulation using TCD, a-vDO2 or SjO2 should be necessary during specific periods of CPB such as rewarming.
Many physiologic variables influence CBF during CPB, including temperature, PaCO2, blood viscosity, intracranial pressure, and central venous pressure. Accordingly, continuous monitoring of CBF might be necessary to prevent neurological complications. TCD offers a noninvasive, continuous, and rapid evaluation of cerebral circulation and has also been utilized to detect microemboli14) . Accordingly, TCD is useful for monitoring CBF during cardiovascular surgery. 
